Objective: In 2010, the American Diabetes Association revised its criteria for the diagnosis of diabetes to include A1C ≥ 6.5%; however, this has remained controversial, particularly for African Americans. The objective of this pilot study was to examine the usefulness of a single A1C determination in comparison with a same day 2-hour oral glucose tolerance test to diagnose type 2 diabetes in African Americans. Methods: In sum, 195 oral glucose tolerance tests and A1Cs were obtained on the same day from 77 overweight and obese African American women and 6 men over a period of 15 months. Results: A1C ≥ 6.5% was present in 31 of 195 patients, with 15 of these having type 2 diabetes by oral glucose tolerance test, another 12 having impaired glucose tolerance, and 4 having normal glucose tolerance. This gives a sensitivity of 50% and a specificity of 90%, with a positive predictive value of 48% and a negative predictive value of 91%. A1C ≤ 5.6%, proposed by the American Diabetes Association to indicate normal glucose tolerance, was present in only 28 patients, 10 (35.7%) of whom had normal glucose tolerance, whereas 18 (64.3%) had either impaired glucose tolerance (15 patients) or type 2 diabetes (3 patients). Fasting plasma glucose ≥ 126 mg/dL was present in 5 of 29 patients with type 2 diabetes (sensitivity, 17.2%; specificity, 100%). Conclusions: First, A1C ≥ 6.5% was a good "rule in" value to identify impaired glucose tolerance and type 2 diabetes (ie, patients at high risk for micro-and macrovascular complications). Second, A1C ≤ 5.6% did not rule out impaired glucose tolerance or type 2 diabetes. Last, fasting plasma glucose ≥ 126 mg/dL detected less than 1 in 5 cases with type 2 diabetes.
Several years usually pass between onset and diagnosis of type 2 diabetes. During this time, hyperglycemia and other metabolic abnormalities remain untreated and promote the development of micro-and macrovascular complications. 1, 2 To facilitate earlier recognition of diabetes and to delay or prevent complications, in 2010 the American Diabetes Association revised its criteria for the diagnosis of diabetes to include A1C ≥ 6.5%, following the recommendations of an International Expert Committee. 3, 4 Other criteria accepted by the association for the diagnosis of diabetes include fasting plasma glucose (FPG) ≥ 126 mg/dL and 2-hour plasma glucose ≥ 200 mg/dL during an oral glucose tolerance test (OGTT). Advantages of the A1C compared to the FPG or 2-hour plasma glucose are (1) convenience, as individuals are not required to fast, (2) less day-to-day variability and more preanalytic stability, and (3) results better reflecting longer-term glycemic control. 4 However, several recent studies [5] [6] [7] have raised doubts about the validity of A1C as a diagnostic test. These studies suggested that A1C ≥ 6.5% will miss many cases of OGTTconfirmed type 2 diabetes. Moreover, there is little information on the ability of A1C to diagnose type 2 diabetes in African Americans. This is particularly important because higher A1C levels have been reported in African Americans than in Caucasians. [8] [9] [10] For instance, in the Diabetes and Prevention Program, 8 the mean A1C after adjusting for independent predictors was 6.19% ± 0.59% in black versus 5.80% ± 0.44% in white participants. This difference was independent of glucose concentration; it persisted after adjustment for other factors likely to affect glycemia; and it has been suggested to be due to differences in hemoglobin glycation or red cell survival. 11, 12 Therefore, it was the objective of this pilot study to examine the usefulness of a single A1C determination in comparison to a same-day 2-hour OGTT to diagnose type 2 diabetes in a group of predominantly female and overweight/obese African American participants.
Methods
We performed 195 same-day OGTT and A1C studies on 77 African American women and 6 men. The clinical characteristics of the study participants are shown in Table 1 . All were overweight or obese without known type 2 diabetes or anemia, and all were enrolled in a clinical trial to examine the impact of a telemedicine program on weight maintenance (NCT 00373230; clinical trials.gov). All participants underwent a 12-week church-based behavioral weight loss program and were followed for 1 year either by attending face-to-face meetings or by utilizing a web-based telemedicine program. At baseline, all participants had a 2-hour OGTT (75 g of glucose) and an A1C test performed on the same day. OGTTs and the same-day A1Cs were repeated in 61 participants at 12 weeks (following the weight loss program) and in 51 during their final visit (following the 12-month weight maintenance period). Of the 195 OGTTs, 181 were performed in women and 14 in men.
All OGTTs were performed in the morning after an overnight fast. Blood was collected from an indwelling anticubital vein catheter at 0, 30, 60, 90, and 120 minutes. Utilizing current American Diabetes Association criteria, 3 normal glucose tolerance was defined as FPG < 100 mg/dL and a 2-hour plasma glucose < 140 mg/dL. Impaired glucose tolerance (IGT) was defined as FPG ≥ 100 mg/dL but < 126 mg/dL and/or a 2-hour plasma glucose ≥ 140 mg/dL but < 200 mg/dL. Type 2 diabetes was diagnosed when FPG ≥ 126 mg/dL and/or 2-hour plasma glucose ≥ 200 mg/dL.
All participants provided written informed consent. The study protocol was approved by the Temple University Institutional Review Board.
A1C was measured using a Centers for Disease Control and Prevention-approved automated point-of-care analyzer (DCA 2000, Bayer Corporation, Tarrytown, New York). This technique uses a monoclonal antibody, which recognizes the glycated N-terminus of the β chain of hemoglobin. Correlation coefficients ranged from 0.95 to 0.99 comparing DCA 2000 with other approved methods, including the DCCT/EDIC central laboratory at the University of Minnesota. 13 The recommended reference range was 4.3% to 5.7%. 14 Plasma glucose was measured by a glucose analyzer based on the glucose oxidase method, and serum insulin, by radioimmunoassay based on an antiserum with minimal (< 0.2%) cross-reactivity with proinsulin (Linco Research, St Charles, Missouri).
Results
A1C ≥ 6.5% indicates type 2 diabetes or IGT in African Americans. In sum, 195 studies were done over a period of 15 months, during which some participants underwent weight changes while others were weight stable (ie, conditions commonly seen in real life). Of the 31 patients with A1C ≥ 6.5%, 15 had type 2 diabetes by OGTT; 12 had IGT; and 4 had normal glucose tolerance (sensitivity, 50%; specificity, 90%; positive predictive value, 48%; and negative predictive value, 91%). For those individuals at risk of complications of type 2 diabetes (IGT + type 2 diabetes), A1C ≥ 6.5% had a positive predictive value of 89%.
A1C ≤ 5.6% does not exclude type 2 diabetes or IGT. Twenty-eight patients had A1C ≤ 5.6%, the American Diabetes Association recommended cut point for normal risk to develop type 2 diabetes. Of these 28, only 10 had normal OGTTs; 15 had IGT; and 3 had type 2 diabetes. Therefore, using an A1C cut point of ≤ 5.6% would have misdiagnosed 64.7% as having normal glucose tolerance when in fact they had either IGT or type 2 diabetes ( Table 2) .
Comparison of FPG vs 2-hour plasma glucose. Of the 3 tests available to screen for diabetes (FPG, 2-hour plasma glucose, A1C), the FPG is the most widely used. Our data allowed us to compare FPG with 2-hour plasma glucose with respect to their respective sensitivities and specificities to detect type 2 diabetes. FPG ≥ 126 mg/dL detected type 2 diabetes in 5 of the 29 patients with diabetic OGTTs (sensitivity, 17.2%; specificity, 100%). FPG < 100 mg/dL was present in 61 patients who had IGT and 8 who had type 2 diabetes (Table 3 ).
Discussion
Early diagnosis of diabetes is key to prevent and/or delay type 2 diabetes and its complications. Currently, the American Diabetes Association recommends 3 tests to screen for and diagnose diabetes: the 2-hour OGTT, the FPG, and most recently, the A1C. The OGTT has long been the gold standard for the diagnosis of diabetes mellitus, but it is expensive, time-consuming, and not popular with physicians and patients. The FPG is rather insensitive and the A1C, controversial, 5-7 particularly in African Americans. [8] [9] [10] Here, we have directly compared the 3 tests in African American, mostly female participants at high risk for type 2 diabetes. We found that the A1C cut point of ≥ 6.5% had a low sensitivity (50%) but high specificity (90%) to detect type 2 diabetes diagnosed by OGTT. Similar sensitivities and specificities have been reported in other studies and populations. 5-10 A large part of this low sensitivity is due to the inability of the A1C to distinguish between type 2 diabetes and IGT. This is not surprising, as the 2 tests measure different factors. A1C determines glycation of hemoglobin, which depends primarily on long-term exposure of red blood cells to glucose. In contrast, the OGTT measures acute blood sugar responses to a glucose load. Thus, the A1C is a "lagging indicator" and can be expected to underdiagnose patients with recent deterioration of glucose tolerance.
Another less-well-recognized reason for the inability of A1C to differentiate between IGT and type 2 diabetes is the current American Diabetes Association recommendation to diagnose diabetes using only the FPG and 2-hour plasma glucose of an OGTT. For instance, in our study, 4 of the 12 patients who had A1C ≥ 6.5% had 2hPG < 200 mg/dl but > 140 mg/dl and thus were classified as having IGT by OGTT but T2DM by A1C criteria. All 4, however, had blood glucoses of > 200 mg/dl at 60 and/or 90 min of the OGTT, i.e. would have been diagnosed as T2DM had the 60 and 90 min values been considered. Regardless, however, of whether these patients were classified as T2DM or IGT, an A1C of ≥ 6.5% seemed to be a reasonable cut point as it identified individuals at high risk for microvascular and macrovascular complications and in need of medical attention while producing only 1 possible misdiagnosis. This was a man who had an A1C value of 6.5% and a normal OGTT result. The reason for this discrepancy is not known but could include recent improvement in glucose tolerance or interpersonal or perhaps even sex differences in hemoglobin glycation. 11 A1C ≤ 5.6% has been suggested to indicate normal glucose tolerance. 3, 15 However, at least two-thirds of our studies with A1C ≤ 5.6% had either IGT or type 2 diabetes by OGTT. Unfortunately, the relatively low number of studies with normal glucose-tolerant patients did not allow us to establish a reliable A1C cut point to rule out IGT or type 2 diabetes. Thus, used alone, an A1C value of ≤ 5.6% could not be used to rule out IGT and type 2 diabetes. Our results also suggest than an OGTT would be needed to correctly classify glucose tolerance in a large number of individuals with A1C ≤ 5.6%.
FPG ≥ 126 mg/dL is presently the most widely used test to diagnose diabetes. In our study, FPG identified 5 of 29 patients with type 2 diabetes (sensitivity, 17%). The low sensitivity has been well recognized and is not surprising, as type 2 diabetes usually starts postprandially when the insulin need is greatest. 16 , 17 A major strength of the study was the fact that we were able to repeat the same tests in the same individuals under different circumstances and at different points in time. Among the individuals with repeat tests, we found that the results remained consistent over time. Limitations of our study include the fact that our sample size was small and contained few patients with normal glucose tolerance. In addition, all were overweight or obese, and men were not well represented. 
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In summary, we found A1C ≥ 6.5% to be a good "rule in" value to identify IGT and type 2 diabetes in overweight/obese African Americans-that is, patients at high risk for micro-and macrovascular complications-and to be superior to the FPG, which has been utilized widely. However, A1C ≤ 5.6% did not rule out IGT or type 2 diabetes.
